ultimate capacity increases. It was inferred that the pile is located 5 times the diameter of the pile from the slope crest, the effect of slope was negligible [13] . A multiplying constant was introduced in the classic p-y curve method to understand the behaviour of pile in and near the crest of sloping ground [14] .
With increase in need of laterally loaded pile study in sloping ground with different eccentricity, an experimental study was proposed in the laboratory to understand the same when the pile is placed in the stable slope crest.
Methodology
In the current study, the pile in the horizontal ground was initially studied. Further, upon increasing the soil slope to 1V:2H, a laboratory study was conducted with varying eccentricity.
Soil and pile
The soil used in the experiments was collected from Thiruporur area, Chennai, India. The soil posed a specific gravity of 2.65 [15] : it had 6 %, 72 % and 22 % of coarse, medium and fine sand respectively. The co-efficient of uniformity and co-efficient of curvature were found as 2.18 and 0.88 [16] and the soil was graded as poorly graded sand (SP).
With a height of fall as 25 cm, the obtained relative density was 70 % [17], with angle of internal friction 32⁰ [18] . Upon filling the tank with sandy soil, pile was installed in the desired position by simulating driven pile condition.
A hollow Aluminium pipe was modelled as pile with bottom plugged with inner diameter of 14 mm and outer diameter of 16 mm using Buckiham п theorem for a concrete pile of diameter 0.3 m and length of 9 m; the compressive strength of the pile is considered as M30 grade. A scaling factor of 20 is adopted [19] .
Sample preparation and parametric study
The soil was filled in the tank of 1 x 1 x 0.5 m by rain-fall technique for the above said condition with hopper and cone arrangement [12] . Fig. 1 shows the test set-up of laterally loaded pile in sloping ground. The tank was free from side wall effect. The deformation of the pile was measured using LVDT place at the pile head and the bending moment was measured using strain gauges pasted along the length of the pile at an interval of 0.01L, 0.3L, 0.7L and 0.9L from the pile head. Strain gauge constant was found to be 0.0278 N-m/µ strain. This strain constant was multiplied with the obtained stain reading from the strain gauge read through the data acquisition system connected to the computer. a/ Schematic representation of the test set up.
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The soil was filled in the tank for two ground conditions: horizontal (S0) and with a slope of 1V:2H (S1). Experiments were also conducted by varying the eccentricity of the pile in the slope crest. The eccentricity or the free head length was varied with respect to the stiffness factor T. Free head length was taken as 0T (E0), 0.5T (E1) and 1T (E2) for a slope of 1V:2H from the crest level.
Results and discussion
An ultimate lateral load was considered as the load corresponding to displacement equivalent to 20 % diameter of the pile [20] . Initial test was carried by keeping the ground horizontal and the stiffness factor was found using the formula:
From a known load (H) and its corresponding displacement(y) for a flexural rigidity EI of 93.1×10 6 Nmm 2 with constant A y as 2.42, the stiffness factor -T was found to be 92 mm.
Load -displacement behaviour
For a horizontal ground, with the full length of pile embedded in the soil (with zero eccentricity) tests were conducted. The lateral capacity of the pile was calculated theoretically, the loads were added with an increment of 10 % and the displacement reading was taken at the end of 30 minutes before applying the next load [21]. Fig. 2 shows the load-displacement behaviour of the pile in horizontal ground with 0, 0.5 and 1T of eccentricity. For no eccentricity length, the lateral capacity of the pile kept on increasing with the addition of load linearly. The lateral capacity corresponding to 3.2 mm (displacement equal to 20% diameter of pile) displacement was found as 6.19 N in the horizontal ground with no eccentricity. The initial modulus of the soil -pile interaction was calculated as 2 N/mm. With increasing the free head to 0.5T (46 mm), the lateral capacity was found to be 3.97 N: this shows a reduction in the capacity by 35.86 %. For an embedded depth of 1T, the capacity was 3.78 N and shows a reduction to 38.93 %. For 0.5 and 1T of eccentricity -free head, the modulus was calculated as 1.2 and 1.11 N/mm respectively. With the increase in free head length, the rigidity of the pile embedded in the soil got reduced and this leads to a reduction in the capacity of the pile with an increase in free head length.
Data acquisition connected with Computer
Instrumented Pile in Sandy slope of 1V:2H
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In a sloping ground, the lateral capacity reduces due to a reduction in the passive pressure ( Fig. 3 ). When the pile was kept at a crest of the slope with no eccentricity length, the lateral capacity was observed as 4.47 N. When compared to the horizontal ground condition there was a reduction in capacity about 27.88 %. Similar to the horizontal ground condition, there was a linear increase in capacity with the addition of load (R2 = 0.9879). Modulus of the soil was calculated as 1.15 N/mm, which showed a reduction in modulus by 42 % (almost 50 % reduction has happened). The lateral capacity of 0.5T and '1T' eccentricity was found 3.6 N and 2.82 N respectively; reduction in capacity was observed as 10.3 and 34.04% compared with the horizontal condition for the same eccentricity. While comparing the modulus of the soil for 0.5T and 1T, it was noted as 1 and 0.875 N/mm respectively. With an increase in eccentricity pile length, reduction in modulus ranged from 16 to 20 %: this reduction was mainly due to the reduction in the volume of passive wedged soil. While comparing the ultimate lateral load of the pile for various stiffness factor and soil slope angle, there is a sudden reduction in capacity of the pile at 0.5T when compared to 0T for both the soil slope conditions (Fig. 4) . When the pile was lifted from the ground level to T, the reduction in capacity was minimal. In the horizontal ground, the reduction in capacity of the pile, placed at 0.5 and 1T was almost the same (3.97 N and 3.78 N) . But for the sloping ground, the reduction in capacity was linear (R 2 = 0.97). In the sloping ground, the lateral capacity was influenced by both the eccentricity and the passive wedge. Hence the ultimate capacity of the pile in slope was lower than the pile at the horizontal ground.
Vol. 15, Issue 2/2019, 92-100 However, from the Figure 3 and 4 the load-displacement curve didn't become flat which showed the increase in displacement with respect to load; as the ultimate load was calculated corresponding to the displacement at pile head the experiment was terminated beyond it had yielded.
Bending moment behaviour
The bending moment of the pile was measured using the strain gauges pasted along the length of the pile for the applied load.
In a horizontal ground, with an increase in lateral load, the bending moment increases under embedded conditions. From Fig. 5 , it was clearly visible that the behaviour of the pile was flexible in nature. The bending moment was observed as zero at the point of load application. The maximum bending was observed at a depth of 0.3 times the length of the pile (Fig. 6 ). There was a sudden increase in bending moment for 33.17 N because of the previous loading. Under the horizontal condition for similar loads, the bending moment increases with the increase in eccentricity (Fig. 7a ). For an applied load of 33.17 N, the bending moment was observed as 3.86 and 13.641 N·mm for an eccentricity of 0T -0 mm and 0.5T -46 mm. The depth of the maximum bending moment was observed as 0.15 m from the top of the pile head from where the load was applied; it was also noted as 0.3 times the length of the pile or 1.63 times the stiffness of the pile. But for the pile, where the pile head placed was placed 1T -92 mm above the ground the bending moment increased to 28.25 N·mm with a depth of maximum moment as 0.07 m. This depth was calculated as 0.14 times the length of the pile or 0.76 times the stiffness factor. From Fig. 7b it is clearly visible that the bending moment increases linearly with an increase in eccentricity. For sloping ground, the bending behaviour of the pile with an increase in loading shows similar behaviour to the behaviour of the pile in the horizontal ground. For a load of 33.17 N, the bending moment in the sloping ground with no free length was observed as 4.12 N which is 6.74 % higher compared to horizontal ground. But the depth of maximum bending moment varies; for the smaller load, it was observed at a shallow depth (0.05 m), with an increase in load it had shifted to 0.15 m of length for S1E0 condition (Fig. 8) .
While comparing the bending moment for different eccentricity (Fig. 9a and 9b ), the bending moment increased with an increase in free length for the same load under the same slope (1V:2H). Similar to the horizontal ground condition, in the sloping ground, there was a linear increase in Civil and Environmental Engineering Vol. 15, Issue 2/2019, 92-100 bending moment upon an increase in the eccentricity of the pile. But the slope had shown an increase by 1.11 times the bending moment compared to horizontal ground. The depth of maximum bending moment was also observed similar for both the conditions. For 0T and 0.5T of eccentricity, the depth at which maximum bending moment was observed as 0.15 m and for 1T it was observed as 0.07m.
An equation was edged to calculate the maximum bending moment for a slope of 1V:2H from a horizontal ground bending moment equation 2. The same was plotted in figure 10 , which showed a linear trend line. With this equation, the maximum bending can be calculated for any calculated eccentricity (which is the stiffness factor in the current study) for a slope of 1V:2H using the chart. For lower eccentricity, the obtained equation matches well with the obtained results; this was clearly shown as a dark dotted line in the graph = 1.11(0.2651 + 3.0553),
where y is the maximum moment and x is the stiffness factor.
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The main limitations of the developed equation and the graph were restricted to a slope of 1V:2H. Further studies were suggested to extend the study to the various slope and stratified soil.
Conclusion
A series of experiment was carried to study the behaviour of the pile in horizontal ground and ground slope of 1V:2H in cohesionless soil for various eccentricity kept with respect stiffness factor. The lateral load corresponding to 20 % displacement was considered as an ultimate lateral load. The following conclusions were arrived, 1. For horizontal ground, the maximum lateral load was observed as 6.19 N and there was a reduction in capacity due to the increase in the eccentricity by 35.86 and 38.93 % for 0.5T and 1T respectively. The main reason behind the reduction in capacity was due to depth of embedded of the pile. With a reduction in depth of embedment, the rigidity of the pile decreases leading to decrease in lateral load capacity.
2. In sloping ground, the lateral capacity of pile at the crest of the slope was observed as 4.472, 3.381 and 2.816 N with no eccentricity, 0.5T and 1T respectively. With the increase in eccentricity, the lateral capacity decreases linearly when compared to that of the horizontal ground. The reduction in capacity of pile in sloping ground is high which is mainly due to the embedded depth and the reduction in passive wedge, which offers resistance to the pile.
3. With the increase in load, the bending moment of the pile increases. In horizontal ground, the maximum bending moment was observed for pile at 1T eccentricity which occurred at a depth of 0.07m from the pile head. But the depth of maximum bending moment was 0.15 m from the pile head for 0T and 0.5T eccentricity. The similar trend was observed in pile in sloping ground.
4. An equation is arrived for finding the maximum bending moment for pile with various stiffness factor as eccentricity.
